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ABSTRACT 

The r e s u l t s  of a meet ing of t h e  O p t i c a l  Technology 
Experiment System S t e e r i n g  Group on October 17-18, 1967 a t  
GSFC a r e  r e p o r t e d .  The Group's purpose  i s  t o  h e l p  d e f i n e  a n  
a p p r o p r i a t e  O p t i c a l  Technology Program for NASA and t o  d e t e r -  
mine t h e  p a r t i c i p a t i o n  o f  t h e  v a r i o u s  Centers .  P o i n t s  brought  
up by NASA Headquar t e r s  and t h e  Cen te r s  are p resen ted  a long  
wi th  some p r e l i m i n a r y  thoughts  of t h e  a u t h o r s  on c r i t i c a l  
problem a r e a s .  
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MEMORANDUM FOR FILE 

On 17 and 18 October ,  t h e  a u t h o r s  a t t e n d e d  t h e  OTES* 
( O p t i c a l  Technology Experiment System) S t e e r i n g  Group Meeting 
#2 a t  GSFC. Also p r e s e n t  were r e p r e s e n t a t i v e s  f rom Head-  
q u a r t e r s  o f f i c e s  i n  OART, OSSA, OMSF, and OTDA and from Cen te r s  
ERC, LaRC, GSFC, and MSFC. The meet ing was c h a i r e d  by 
Col. H.L. Anderton, who heads t h e  Communications and Tracking  
Branch of OART. The g o a l s  of t h e  committee are,  b road ly ,  to 
h e l p  d e f i n e  a n  a p p r o p r i a t e  O p t i c a l  Technology Program f o r  NASA 
and to determine  the  C e n t e r s '  r e s p e c t i v e  r o l e s  i n  c a r r y i n g  i t  
o u t .  The main r e a s o n  f o r  t h i s  meet ing was to rev iew the  recom- 
mendat ions of  two p r o p o s a l s ,  by t h e  Chrys l e r  and P e r k i n  Elmer 
Corpora t ions ,  as  to what concepts  a n  OTES should embrace and what 
exper iments  should be approved f o r  f u r t h e r  d e f i n i t i o n .  

The meet ing began w i t h  each  Headquar te rs  O f f i c e  
e x p r e s s i n g  i t s  though t s  on t h e  O p t i c a l  Technology Program, w i t h  
f r e e  q u e s t i o n i n g  and d i s c u s s i o n  from t h e  p a r t i c i p a n t s .  Some of  
the  key p o i n t s  brought  o u t  were: 

1) OART h a s  a n  FY68 budget of about  $4M f o r  a l l  AAP e x p e r i -  
ment d e f i n i t i o n ,  i n c l u d i n g  t h a t  f o r  OTES. 

2 )  A need ex is t s  to determine  whether and when more 
compe t i t i on  ought to be brought  i n t o  t he  OTES program. 
Perhaps a ded ica t ed ,  non-p ro f i t  group would be t h e  i d e a l  
body to work on t h e  d e s i g n  of l a r g e  space  t e l e s c o p e s .  

3 )  The S t e e r i n g  Group should look i n t o  the need f o r  develop-  
ment of o p t i c a l  technology i n  o t h e r  areas b e s i d e s  t h o s e  
recommended by the c o n t r a c t o r s  ( p r i m a r i l y ,  l a r g e  m i r r o r s  
and l a se r s ) ,  e . g . ,  c o r n e r  r e f l e c t o r s .  

*OTES - a n  as y e t  incomple te ly  de f ined  se t  of  exper iments ,  to f l y  
on one o r  more e a r t h  o r b i t a l  mi s s ions ,  to p r o v i d e  NASA w i t h  t h e  
technology t o  meet i t s  long  term astronomy and space  communica- 
t i o n s  needs.  
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4) 

5) 

Mixed f e e l i n g s  e x i s t  on how far OTES should go i n  
d i r e c t l y  s e r v i n g  the  needs of s c i e n c e  and a p p l i c a t i o n s  
programs; i . e . ,  should a l l  space  technology exper iments  
l a t e r  be u s a b l e  f o r  s c i e n t i f i c  or a p p l i e d  r e s e a r c h ?  It 
was agreed  t h a t  while  much of development should be 
o r i e n t e d  to t h e  s a t i s f a c t i o n  of t h e  g o a l s  of o t h e r  
Program O f f i c e s  and t h e  s c i e n t i f i c  community, some t e c h -  
nology ought simply t o  be pursued for i t s  own sake 
w i t h  the  confidence born  of expe r i ence  t h a t  as new d e v i c e s  
and t e c h n i q u e s  evolve a p p l i c a t i o n s  s p r i n g  up to t a k e  
advantage  of them. (Pe rhaps  t h i s  s o r t  of a c t i v i t y  i s  not 
a p p r o p r i a t e  to OTES, t hough . )  Wherever t h e  c G s t s  of 
des ign ing  a t e c h n o l o g i c a l  experiment  to b e  u s e f u l  f o r  
subsequent  s c i e n t i f i c  or a p p l i e d  r e s e a r c h  were not  
e x c e s s i v e ,  such des ign  should be encouraged,  

OSSA h a s  a long range (1979-1985) o b j e c t i v e  of e s t a b -  
l i s h i n g  a Na t iona l  Astronomical  Space Observatory (NASO). 
S e v e r a l  i n t e rmed ia t e  programs ( O S O ,  OAO,  ATM, e t c .  ) are  
regarded  as s tepping  s t o n e s  to t h i s  g o a l .  Mention was 
made of a n  "independent" group ( t h e  S p i t z e r  Committee) 
which h a s  been set up to determine  NASO requ i r emen t s  and 
how t h e y  should be met. It i s  hoped t h a t  OSSA sees t h e  
va lue  i n  having some degree  of manned p a r t i c i p a t i o n  i n  
t h e  o p e r a t i o n  of a l a r g e  t e l e s c o p e  i n  space ,  i f  only  to 
a s s u r e  i t s  long  term o p e r a t i o n  and f l e x i b i l i t y  of use .  
I n  t h a t  ca se ,  every e f f o r t  should be made to take advan- 
t a g e  of OTES a c t i v i t i e s  and t h e  S t e e r i n g  Group's  c a p a b i l -  
i t i e s  i n  OSSA planning,  a t  t h e  v e r y  l e a s t  to t h e  e x t e n t  
of c o o r d i n a t i o n  between t h e  S t e e r i n g  Group and S p i t z e r ' s  
group.  OSSA took an a c t i o n  i t e m  to l o o k  i n t o  t h i s  
m a t t e r  . 
OTDA h a s  a n  i n t e r e s t  i n  be ing  a b l e  to meet whatever  data 
r equ i r emen t s  f u t u r e  i n t e - p l a n e t a r y  f l i g h t s  may impose 
and wants  to keep a b r e a s t  of t h e  p o t e n t i a l  of lasers  i n  
t h i s  area. It was po in ted  o u t  t h a t  t h e y  might a l s o ,  some 
day ,  need to i n c o r p o r a t e  a laser  s y s t e m  w i t h  t h e i r  ODRN 
( O r b i t i n g  Data Relay Network) , planned for synchronous 
a l t i t u d e s ,  f o r  cont inuous t r a n s m i s s i o n  a t  high data r a t e s  
of e a r t h  obse rva t ion  i n f o r m a t i o n  from v e h i c l e s  i n  low 
ear th  o r b i t .  

The Centers  t h e n  d i scussed  i n  some d e t a i l  t h e i r  a c t i v e  
o p t i c a l  programs, competence, and conceived r o l e s .  Some of' the  
more i n t e r e s t i n g  items were: 

1) ERC i s  funding  t h e  c o n t r a c t u a l  development of ' 'space 
q u a l i f i e d " ,  He-Ne l a s e r s .  While no t  in tended  f o r  u se  on 
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any p a r t i c u l a r  mi s s ions ,  t h e i r  development and t e s t  
w i l l  be c a r r i e d  o u t  to g e n e r a l  space  f l i g h t  s p e c i f i c a -  
t i o n s .  ERC a l s o  c l a ims  to be working on l a s e r s  t h . a t  emi t  
''mode locked"  p u l s e s  on ly  10-11 t o  
"h igh"  d u t y  c y c l e s ,  w i t h  t h e  p o t e n t i a l  f o r  communications 
a t  co r re spond ing ly  h i g h  b i t  rates.  

seconds  w i d e  a t  

GSFC's i n t e r e s t s  a r e  p r i m a r i l y  i n  t he  communications 
a s p e c t s  of OTES. They a l r e a d y  have c o n s i d e r a b l e  e x p e r -  
i e n c e  with laser t r a c k i n g  of s a t e l l i t e s  c a r r y i n g  cube 
co rne r  r e t r o r e f l e c t o r s .  Cur ren t  Goddard p l a n s  i n c l u d e  
i r r a d i a t i n g  the  Echo s a t e l l i t e  w i t h  a 10.611. C02 laser  and 
a t t e m p t i n g  he terodyne  d e t e c t i o n  of the r e t u r n  s i g n a l .  

LaRC has been pu r su ing  some 12-15 t a s k s  gea red  toward a 
l a r g e  d i f f r a c t i o n  l i m i t e d  m i r r o r  f o r  a Manned O r b i t i n g  
Telescope .  Its c u r r e n t  i n t e r e s t s  a r e  i n  m i r r o r  f i g u r e  
measurement and a tmospher ic  e f f e c t s  on laser p r o p a g a t i o n .  

MSFC h a s  been a key c e n t e r  i n  th .e  OTES Program t o  date, 
having  suppor ted  c o n t r a c t u a l  s t u d i e s  i n  t h i s  a r e a  f o r  
several years. T h e i r  i n t e r n a l  work h a s  i n c l u d e d  atmo- 
s p h e r i c  p ropaga t ion  and beam p o i n t i n g  s t u d i e s .  

S e v e r a l  laser t r a c k e r  s i tes  i n  a d d i t i o n  to t h o s e  a l r e a d y  
i n  u s e  by GSFC are  under development.  ERG hopes to u s e  
t h e  Smi thsonian  s i t e  a t  Mt. Hopkins, Arizona and MSFC i s  
b u i l d i n g  one on a mountain n e a r  H u n t s v i l l e ,  Alabama. 

Fol lowing  t h e s e  d i s c u s s i o n s ,  a n  a t t e m p t  was made t o  
e v a l u a t e  the  OTES exper iments  proposed by C h r y s l e r  and by 

and to de te rmine  whether more s tudy  or a r e s t a t e m e n t  of t h e  
expe r imen t s  was r e q u i r e d .  For t h i s  r e v i e w ,  t h e  expe r imen t s  were 
lumped i n t o  t h e  f o l l o w i n g  three areas, which were cons ide red  i n  
t u r n ,  namely : 

P e r k i n  Elmer, to c a t e g o r i z e  them as  "approved" or I f  d i sapproved" ,  

1. Atmospheric p r o p a g a t i o n  

2. P o i n t i n g  and t r a c k i n g  ( l a s e r )  

3. Large m i r r o r  t echno logy  

The e v a l u a t i o n  proved more d i f f i c u l t  t h a n  a n t i c i p a t e d ,  
so i t  was dec ided ,  i n s t e a d ,  to have the expe r imen t s  and r e l a t e d  
problems s t u d i e d  by two subcommittees,  wh.ich would t h e n  make 
recommendations f o r  c o n s i d e r a t i o n  a t  a fo l low-up meet ing  of th .e  
S t e e r i n g  Group on  Nov. 15. D.B. Wood w i l l  p a r t i c i p a t e  i n  t h e  
m i r r o r  technology sub-group, headed by G.B. Graves of  LaRC, 
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and S.L. Penn i n  t h e  l aser  communications sub-group, headed 
b y  J.L. Randal l  of MSFC. The sub-groups were charged w i t h  
d e f i n i n g  and o r g a n i z i n g  the o p t i c a l  t echnology work r e q u i r e d  
i n  t h e i r  r e s p e c t i v e  areas and t h e  p a r t i c i p a t i o n  o f  the v a r i o u s  
Cen te r s .  They  were t o l d  n o t  t o  r e s t r i c t  themselves  to any 
preconce ived  n o t i o n s  a t t a c h e d  to the  term OTES. It i s  the  
o p i n i o n  of the  a u t h o r s  that these i n v e s t i g a t i o n s  should s t i l l  
re la te  c l e a r l y  and d i r e c t l y  to t he  s p e c i f i c  g o a l s  of space  
astronomy and h i g h  data r a t e  space communications, to h e l p  main- 
t a i n  a p rope r  b a l a n c e  between SRT and AAP suppor ted  work. 

An impor t an t  area for t he  sub-groups to address  i s  
which exper iments  must be done i n  space  and which can be done o r  
s imula t ed  adequa te ly  on t h e  ground. The  S t e e r i n g  Group h a d  no 
obv ious  consensus on t h i s  matter. The a u t h o r s  can see where  
b o r d e r  l i n e  c a s e s  might ex i s t  where s i m u l a t i o n  on t h e  ground i s  
feas ib le ,  b u t  demons t r a t ion  i n  space  s t i l l  seems war ran ted .  
Such a c a s e  might be one i n  which it i s  d e s i r a b l e  to l e a v e  no 
u n c e r t a i n t y  as to t he  p r o s p e c t s  for success ,  e .g .  i n  t h e  d e s i g n  
of a n  o p e r a t i o n a l  laser communication s y s t e m  for a manned i n t e r -  
p l a n e t a r y  miss ion .  And cases might exis t  where c o s t  or conve- 
n i e n c e  f a c t o r s  do n o t  p rec lude  a t e s t  which would be more 
i m p r e s s i v e  i f  done i n  space  t h a n  i f  s imula ted  on t h e  ground even 
though the  l a t t e r  were p o s s i b l e .  

The arguments  on lasers  v s  microwaves f o r  c e r t a i n  
a p p l i c a t i o n s  are s t i l l  n o t  r e s o l v e d  to the s a t i s f a c t i o n  of t h e  
t e c h n i c a l  community nor  are  t h e y  l i k e l y  t o  be r e s o l v e d  by t h e  
sub-groups.  A f l e x i b l e  approach, a l lowing  for grea ter  e n l i g h t e n -  
ment a t  a later da te  t o  p l a y  a d e c i d i n g  r o l e ,  should be a t t e m p t e d ,  
a l o n g  w i t h  a n  e f f o r t  to minimize t he  i n f l u e n c e  of i n d i v i d u a l  and 
o r g a n i z a t i o n a l  biases.  

Some sent iment  was expressed  for doing  a tmospher ic  
p r o p a g a t i o n  work with lasers as soon as p o s s i b l e  and l e a v i n g  t h e  
f l i g h t  of l a r g e  m i r r o r s  u n t i l  la ter .  
t h a t  laser a c t i v i t i e s  would be more a p p r o p r i a t e  to synchronous 
t h a n  low earth o r b i t s .  The low o r b i t s  would pose  d i f f i c u l t  
t r a c k i n g  problems and r a p i d l y  changing p a t h  c h a r a c t e r i s t i c s .  
Going to synchronous o r b i t ,  however, wi th  a manned v e h i c l e  might 
have to be j u s t i f i e d  for o t h e r  r e a s o n s  besides  laser communica- 
t i o n s  t e s t s .  
i s  n o t  ou t  of t he  q u e s t i o n ,  but  a d d i t i o n a l  s o p h i s t i c a t i o n  of t h e  
equipment to automate i t  would be r e q u i r e d .  From t h e  s t a n d p o i n t  

It was g e n e r a l l y  agreed  

Going t o  synchronous o r b i t  unmanned for that purpose  
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of most v a l u a b l e  scientific r e t u r n ,  astronomy would s t i l l  
seem to j u s t i f y  an effort to f l y  a l a r g e  m l r r o r  in low e a r t h  
o r b i t  as soon as p o s s i b l e ,  with figure measurement equipment,  
b u t ,  perhaps ,  without assurance of diffraction l i m i t e d  capa- 
b i l i t y .  

1011 SLP - map 
1015 DBW 

S.L. Penn 

D.B. Wood 
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